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DESCRI PTION Integrated G rcuit Menory Cells and
Met hods of Form ng TECHNI CAL FI ELD The i nventi on

woendsaicny2t 0 i ntegrated circuit nenory cel |l s aRdT/OSp@AW42245

cell fabrication nmethods. BACKGROUND OF THE | NVENTI ON
M ni aturization constitut ?rﬁ Qan ng interest in
desi gning and fabricati ngﬁée conduct or devi ces. For
exanpl e, i tintegratdrbChéelvismemonolalistandddetheds ef Fdmmirgi ze
of menory cells used in integrated circuit nenory
devi ces. Those of ordinary skill know of a variety of
TROHANCAIRFIRLDS t hat are an attenpt to decrease cell

cont i G ApvaIeR A e LreuaR sy ARPO R A gy cen

fapAcaRionMghodsat ed process flow for fabrication. Also,
anot her di sadvantage i ncludes interface size and
connectivity problens between the conpl ex conductive

BACKSROUWND QDFETHESNVENTIONI es t hat becone i ncreasingly
probl ematic as ce ze decreaseéé?Acc rdin

need Winidtpdzatign Pﬂ'és’f%ti?s A GPINUINY IReLest 1y %ﬁwrgg dnd fabricating
é@bibbmtctdmeveéénom éxbartmeql #tcandeadoathgeouseo detieass the size of

unnecessarily.co icating cell d SJ d/or roces

FPER0, S Pr (0 DR devise: Lalecqt digingy kil know of
& DHESY bPEonfi ﬂratlmméﬁér@dancatfem{dtto daoredse atllsizel Howedes a

a Cﬁ ined first ca C|tor | ectrode . a

d
le8eyor 5P camiaraphal San iR et ArS ISy comlfated pigudures that
@secae&ﬁpmtewbreb@@tfromobfabmmnt trgsd anstheamdacﬁeamgd includes

el ectrodes, and a verti nS|s or

PIREAGR SIS 20l SonRScty DL g P B AVeEn e camPBrERaRLCtive aad
%ﬁl@&ﬁ&ﬂw ﬁﬂldﬂ!r@és maﬂbycd?ﬁ?e inaedadmery prﬁblamdtlcgaé céli $ife decreases.
i nner con uctor nec

tin
{F ansPERBSINGHmAGY Gett oo rtipEea desins B briogian methods that
8668 cellRizel Withoufignrece SeErifOstislicating dell\wREidn et prazass flows.
of the conbined first electrode and first
source/drain. The nmenory cell may be included in an

SUIVEI\B/AFWGF'HHEIIWENYION such nmenory cells wherein the.
second el ectrode is. a comon @Iectrode

t he .
ol ur alft 97 3SPRE GHARPYeRHeN SninPdRgY e EmemPY Rlingludes a
@(Qﬁlﬁihédl firéEcdlrichiortécteas ahb €irdt itraRsistet mréadﬁlrﬁ@dse@ond capacitor

i ne, the xt endi throygh the vertijca
SlpSades BoRPadir JRBEHSehETELe ot et SPoRTEL RS SiookS. Bnd a vertica
Phndigbi dnoveant MR @it tﬁd fifdt l‘sﬁUHcta/di’ﬁirﬁTDAy af @xh@pientHelsdeond
bul k sen1conguc r substy an i sol a on

| a
SRHPR/rammap ge Adna d'gé lﬁ‘ef'“r@'”&%‘%‘{ﬂ Qitcioeﬂe‘%{'ﬁgtaﬁjég't line to a
FaRsdtodRainnéIg tid @rital fra:hsaétbp mmwaaueldhawlnauaé drsahiidonductive
of electrlcali/hlso ated. sjlicon

HRWArgEXEsRSIoRPE FheAofRIRqCH Bt ?'ﬁ‘grogﬁk%‘?’?'éﬁté°“5&e %JPaITPW‘emm’V

81l may be included in an array of a plurality of such memory cells wherein the second

electrode is a common electrode among the plurality. The memory cell may provide a
straight-line conductive path between the first electrode and a digit line, the path
extending through the vertical transistor.

In another aspect of the invention a plurality of integrated circuit memory cells
include a bulk semiconductor substrate, an isolation layer buried in the substrate, and
field isolation in the substrate, the field isolation surrounding a plurality of electrically
isolated silicon bases over the isolation layer and within the substrate. A plurality of
silicon columns extend upward from the plurality of silicon bases, individual columns
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silicon colums extend upward fromthe plurality of

silicon bases, individual columsincluding a conbined
woiowstoceapaci t or el ectrode and first transi st oPCT/US2004/042245

source/drain. Individual nmenory cells include a second

icﬁglﬁaﬁlgtaocgqm ér%:at fi rgtdceagagl o?%@&f}g?&"a{wafltspﬁgttﬁg\)\%{éﬁl | t%e/?ralns tIndlwdual

memowmemmm sembed capacitoneleetredecialcommaorswith the piralitg of

d | .udi /
BB 19+ BehdeBrbioFtie REMSER e Alsf an¥eckl ftairepes. aga 2
Wdfmca'l Erahai;ﬂooabd\@ymd m@iudm@fherfmsttsiwr@ldramon bases and

contain the field i t] i ncl ude . .

oot t oY eV f praibile! SR b G SFRUT e Sat4lg 1878 isolation

lapér dapedefine the)éilidohebalse% knds eoritaintickufidld isotatibat Tae eplusumsitan
con

Clufe g1 g, MR, BRSBIRL cfineids B Pt 2
ﬁmt&&ldctc&@&batalé hsmlb?aeel butlesilidoe Waiers Ihdilaldualrceﬁtslzalcah te 1.5F x

ture I t t
LB Ve G5anrator e hatmBuSE RS rarmigol rTRELH Belges than
DESCRytocfebﬂuremﬂe ] mearstta;ectnédere][mry cells. BRI EF

P nt f

he | QUE.ERTPISPLTR SUEPTSLBDRT BRUIFTE o FT UiE spg bed memory
tdiearfaqdiliraity @ npeRypelisyi ng drawi ngs. Figs. 1, 3, 4,
6-9, 11, and 12 are partial sectional views at

sequenti al process stages leading to formati on of the
BRIEF PESERIPDON-Of. THE2DRAWINGSON a substrate according

t t of .th {
of ¢ nErenrieBoriogpis Heiniattion b desbbpd el Ryl Rféence to
fheGollowind-€tonipahnging dramings.ew of the processed

Vi ew i.n

subst at e, sho by, secti.onal

Te0s Eas Lod B T et e patieCisibpal s it sagentlprocess
%gfs I@@dlhg o RMnatiorfFbithe ilribmo‘Fy gell ofi3g. 12 farraecpe:r blsgbstrate
secti.onal vi ews equ [ rocess stages |eadin

peForp ?%a%frsce?féﬁ%@wﬂv cel IO of Fig. 1% f or med og a
subst Figt 2 g t?ditf Vi of the proueisbed smetﬁsmimnttf}&ectlonal view in Fig. 3.
onr EioBis & 4 vigh obfre rited syt RN Y £t fiew in Fig. 6

- furt heiy. a8 pestopaliew bEthe prerbsatsublsirgte shiSwnSoy&ebmaneWm Fig.

I%{ the processed substrate shown by sectional view in
‘g. 11 having a structure alternative to that shown
i n t heigbOomB-15 ave pdrtidiisgctichdl viekd At é@eﬁ’ﬁ’ﬁ@ﬂd@ﬁ aﬁgﬁleadlng to

THE PRE RED E ccor di n to.one a
fop@et 'cﬂvﬁ? bRt PO lEda ee O suRtiAls o ERinG to'another
bésEcti8ftBe veatidi. ned first capacitor eI ectrode and
first trgimslstor souf.ce/ dr ai a se ﬂ
6 Is a partial sectional view of a memory cell formed on a substrate
according to a further aspect of the invention.
Fig. 17 is a top view of the processed substrate-shown by sectional view in Fig.

11 having a structure alternative to that shown in the top view of Fig. 10.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

According to one aspect of the invention, an integrated circuit memory cell
includes a combined first capacitor electrode and first transistor source/drain, a second
capacitor electrode, a capacitor dielectric between the first and second electrodes, and

a vertical transistor above and including the first source/drain. By way of example, the
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capacitor electrode, a capacitor dielectric between

the first and second el ectrodes, and a vertica
wonresdicst7or above and i ncluding the first soureefaiSa0m042245

By way of exanple, thevertical transistor can include

B30 Bt o R0 ek il SO SRA g, o st

torainsios rmund the clEnthiehiand alsegend ﬂrmsasvmawrceldramaabove the channel.

t [ .t f |
ok B0 3 e 0B it gl e
kstavieBn afsotxh:e amla:lnamsif tite transistarésorahtédinaa sudstardiallyi wdriical

Sk RS Ol g SRS BB s oead o

hhbrlz"d}?itﬁoll dlirectione Ror @Rampler a buliaspnicondudtat wafer may define a horizontal
senm conduct o e, def.ine ,a . ane and
BIER A8 Ching! 1eho™Lr B b Srpfid RubSEh AR YRitcR\ith ABBect to the
\iwafet pkaalaJsz:huhm tl)ér@lpﬂ.(ftmdygod mmﬁ mpqlmdmear Vviitherespdct to the bulk
ngth "L" ma e orjente erpendi cul ar,. wi.t h reshect
SR DU AL His cPSiels Tt Rt bleT Aoy n 4 Gt the
ﬁ?amag%rgmbagnﬁmweaémcm by up to 45 wi t hi n the neani ng
0 stanti.a

or ovi R Gav A agR FEproding i i 1380801 86 he ramhioge frs

Eaﬁa%ttor(‘e’)mmdb@ndﬂaﬁﬂahadt@r eoukcd/drain istthatrsfeatuds size of the channel
souﬁg%gl drain is t feat ur e

el
S Hiarprisruatiaa Petyresirt 8 G R Flghfe. CRARR FragRr memory
edlegiid edfthe didtetrhihed bmrmecrapaar&fmrm ok bxarhgle, mamnémory cell may -

CEieh LGS B, S5 AP B 5 oA

]S 2. ZﬁE%)m gwlaemnhé? ddvaihtage Oﬁﬂhawekmbeﬁlrﬂ@noﬂytceﬂ atrudtareato include a
urt her adv

he des el.l. }
Stoigine SO0 GHiRe Pathoaveer G2 it SCass andia it ine e path
bﬂtbm tm&?hﬁmEQEHEEHﬁﬂsthﬁ a'hdtsﬁalghglirte ddnﬂectlvbfpatl'pahipllfles the
ex i rou e vertical .trans
Sl The Memo el EOmPENSHE Bng FTer N PioREN: of sficient
therfdﬁe cfﬂfﬁtﬁﬁi dtel %hH/toe Gmf Wﬁrﬁl?&nﬁbﬁtW@&OﬁMﬁo@r@b kermponents,
of insuffici in ace contact area and/or,. .. .
st atyre T copPUfiL 0 Ty AT STacorst PRt theHigi ion o a
So\frBe/daim eAsWRIb dbreécistag fromn acm‘tiﬂmhhﬂsdu_saibﬁ ineted regiarding the
TR SrBing $ g, BrecsaRea] SBihie Hbpsitpiies bratEss flows..

regar ¢he ﬁwe&ﬁt&ﬁs@b@@c@fe@‘ aitihe Veriosis @Bpectslevthe énvehtien descrlbed
[ | ows.

descrlbed structure alsqQ sinplifi I 0C.ess

Re/ERuaaY Rryide g RQlE | rﬁ?gf?{l@%ﬁtﬁ B oraipRg sy ugHrg F?@’fures s0
tl“fé‘t’Gdiﬁ\ﬁeﬁfbr@%ﬂitb&gtﬂ)ehﬁeﬂls‘i]nclﬁ@&‘u@ﬂr@l/fed&ur@mmaspIberéﬂmmated The
inte ntacts st ructural feﬁ%ur

PTRot g S e MRS UCH 80 SEEREE I Btiok G PRI brocessing
B@iﬁauﬁ{ @@o&ﬁteohﬁltrebnown@t@dverﬂfiaaalm%tftwgﬁecamwtadts uct ures
a

d
e AR oS S e AR ol Lo

GARYSBLs! éH&ﬁ'haﬁlﬂPfa'@ul’c%ﬂﬁhde@ b $sephrate l@éﬁt&bt t@fhaiapamtor and
met hod can i nvo [

ve form cel | i dln t wo
nelidiios epramen draim an\heﬁdhra g aRetheT SenREte o9 a git line.
RRBAEIRY Meffny 88l sitOofferCinadds! @Hu@rﬁ@céﬁlé&t@é&ﬁ)r @uél‘péﬁﬁﬂébts
drain Tinked through another separate contact to
Aregreinglynig a conventional method, the contacts are preferably formed self-aligned,
for example, by selectively etching a contact opening through insulative material and
between transistor gates to the common drain or one of the two sources. Material

protecting the transistor gates, such as spacers or caps, is usually exposed in the
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Reduci ng nenory cell size often involves reducing
contact area for such contacts. Accordingly, in a

woamseaidronal method, the contacts are preferabCy/us2004/042245

fornmed self-aligned, for exanple, by selectively

Aot Rere Py SRR By ' Bt SRl Sl o can be 2

odraplex pideess sensitivete eBnoridatoes. i Filling thit daepi cogtech epenlngs in

h
SR festAlel opoB iy SReR BREFHTRY P Y ottt irde
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BoeGR o B 2R b el fal Rt asias ot e e A flehin iFprecuce or
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el ec oge n L rs ur.ce rain ma
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SSRGS SRS 2 WERLAES: oGERhl bl Bl
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20 .
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a tranSIS or Sou%gﬁég%FI@. In.the &$Etext 0 tﬁ
86 FedFemicRRIycliygva EShANGEE OF 7SS ?Se°°"6|?”s'”9 other
ieksriakOmetedh), wad %éhﬁdmdhalvellﬁatéaﬁl layees (Yeﬂhéffsﬂdihe%m assemblies
constructlon conm sSe on qtlve mat er |
BB oL metaBe) | THe e S Pl ket 1PN stk structure,
RiuRingabst melt@@t@tmmmcﬁve@mé@e d|é§¢rlbbﬂ rabav@ne
or 1 n _asse | es (0] r|S|n ot rrals t
Ond SaRT T advaTtads: S 4ba08 ralv e AayEpoael G EBAmremay be

3§l’$‘l fddd 5a Glgm?hﬁé ﬁ\lnégcdﬁduelbr rﬁﬁé\ﬁdlh@bﬁdtheﬁd&ﬁnmmtmn of structural
uct u

strate" refer 0 a ortin
ieRRE B8 COIbNFbIea TR AR S S PR L By and addresses
SHMSEridRst hesiick Resh alDuieconAsctivits betweeh thd $&Jond source/drain and
advant age, the second sou ce/ drai F?H?Zove t h chann

Ao 156 TSGR TRiEte o CLTNGY: S PPBT oA PORaHRE o nbiogous

Bir@otindi feweetothB Qigitdpelina skt en quré‘é/dr‘dmtl‘dé)abe famamufeas The digit
The conbi ned feature al so . reduces

demisnessanpusiREcier e digit tumodhe §h%§ﬁ?9{# ﬂ'ﬁ%?‘f"&&%“%?%@e
3BEHAIsotrReSHI vity between the second source/drain
and

The channel of the transistor may be combined with the structural element that
includes the first electrode and the first source/drain. Accordingly, the channel may be a
semiconductive upward extension of the combined first electrode and first source/drain.
The combined first electrode and first source/drain may be a conductively doped
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digit line inner conductor. Accordingly, a

conventional contact plug or anal ogous structure
woebosmem7ehe digit |ine and second source/ dr ai RCIAR2(08/042245

elimnated. The digit |line inner conductor connects a

erdingcBh Relip o RV e isindy AR, kol Sggpion

grevidingtihe elthnnet thay be aatupwatdjeﬂénsadnreumcomhabus sarhiocladiictive

he fi d he fi d
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cefiRraPar nplsoontS s ete s RIS Skt Pl vottage (.
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L SERE 2 0 SO YE OB B ASTRRA F8ac, e
crainhelahay aampns@cmmafeauhl differdapfaorh atrypedalafithe combined electrode
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herp 467 B0t B RebR . Sritised iy e GRS BB sandusigy such inner
muemsmm&s&w cohtdchthel dmaanéli dtrmay IS désiablectte provide a conductive

transi stor chann nat .an upward extensi on of
RO RSO PreletiL eoBetamin 1S PR Sudbs! Geraier even
thBadIethe, chiahtel afbaIRNedt direstlyceomdct e secomd ssured/ddir. f lartiestt
from a terial of the conbined el ectrode and ’
YR -ai n. The channel may neverthel ess directly

cont agithtthechdnhel aksee tieefidt sdunce/&iali araty thy setdrel sluadedrain above

S SR Vo B RS oAb rat
SeFaURY SeslcianneN eTH gyté conduetar M beCatzppeiximately isdisame

RS on S RRIEh B T el e 2B et BB FPAE tebion o the
@a&é \4BRduckst hetvieehl dlﬁérrmémbryam'lé afs$imilart dmntsin@ctmhamp&iwderadword

[ Nne cndco.evn t hough .t annel not
ey e s e atie S Bet e et o DR Rag ot gl the memory
SHIIrARISUrRSUnd thl¥ firgt élbetradiece Nedst Rakerally. tWher tHeshemory cell is

/ d.th d d bov
SRBRTRGH by A Ry of 8, RHTBIG O GE DR TS, e APy SlialE gpay be 2
éeiwmaﬁhémtrmauahg’tﬂeqdlmmw Wissirfomwethiot eratih somednd the dirst

%at : co ;qcetcgl&?lﬁ\{t{,qgeea{ga)( ﬁggm@hggéﬁé@%%%eﬁ?n@mory cells, creating

m@rﬁomﬁrﬁém&mdal | ows sinple extension of the gate
conduct or betvveen ot he cells of sim
const Fidc1? &S wy’neﬁpag?ra@og‘? %\eﬁpmglewmsggwn{rh@gs 2,5,10, and 17,

idigRbeKbmble Ttk $R08 ds;@é@@bﬁﬁs fmvehtidr elalg alrc]zasl}mra pair of
un t he

SR eEaRRabls S 20 RCHOR HUEY SOIREIT THECHE e 2 Betweeg cach

S188F5deSALINRY 28 Bnd Eledifodd Iagerlo.i.‘(lJ 'eHd dtducRire BEFB! 12 ek bfovides a
the second el ectrode may
first capacitor electrode, a second capaCItor electrode, and a capacitor dielectric there

between. Fig. 12 also shows a channel region 30 above each electrode column 28
formed as a semiconductive upward extension of each electrode column 28. Channel
regions 30 thus form the channels of vertical transistors where electrode columns 28
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common el ectrode anong the plurality. Wen fornmed to
|aterally surround the first el ectrode, the second

wehewstoeede may be sinply extended to ot her nenBCY/US2004/042245
ceIIs creating the common el ectrode. Fig. 12, as

L85 el PRl SRR, ', SO0, 1 0

as pethgg(hﬁe$ B& arenov@nininen cordugtord 20 gabase ia tpadi oveothannel regions
ectrode col u an el | ayer 20 d.a
5 chbet SatRlaiis 988 puitlar S iandts st hoaf iR spr the
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ransi stors e ctrode c ms t
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Awntagmgglyca)emmghtqm céAduidiaé zgtheemsns ?Men‘ewctroh@wmnns 28
regi ons ner al so fun
atisancetia g g B g et FsbRctLobfdl rigions 3o.
tr anSAﬁétﬁér aéﬂé@ﬂcﬂf&he Ine@htionsindlded areintdgyated oiradttmemasgrcell having
S Qombinen it soaare e e gttt o8 i Aaacff apacitor
élggt&fdéﬁ?oklfﬁha@é ﬁieHi{st%lHotrOdél,@mfd@mh eitorrdigecins b&Weeh the first and
addi ti e ure size

SoneaRpaes, AfanreE,thaEel dfach oyt Hh s lyoiyain and 2
thiﬁ&ti digit liNe er]yc@ﬁiubtoﬁ bAe s?ébnl:i thnsistot - sSErcedemn & dﬁrecﬂy above

Itaor S|ze or con t {

erRenteTo By cxrabameranod Fel ey SR gt ine portion
Q\Ire?@ham_daebwarcoa&)ct wmlmnnmemuewor ahosé steaigfttlink icoaductive
TN TG T e T S
é.&ﬁg@fohu\eeumbmmﬁl regi ons 30. Anot her aspect of the
vt niceprabRte ASthel Papett SEbRITantoT. ctiingll Rinfedieg circut

0 %I@rlnd@dﬁ @Bﬂld%amon&udmtratapam isblatior lzget buridal in the
g‘;ox i mat e rst eh_lctro

. , d.. ' .
ehath, A o Bgsqutinin e b8t ThE B SNafar ftiouads a uraity of
bleatishl dl@élatéb%ﬂlﬁeﬂx bhsesthiveethel |sb|amweyetrtaadfwmhstthe substrate. A
source raln

a conhi ned r..conductor . .
BRERIBRIGHIOR CAHGYS EG1En g P LRI e gl S BHgeaissgs. ndividual
%&@TEQ @Ftﬂﬁﬂe a gmmd fifst €apadRdrealedtivde Immarﬂr‘st(ttﬁnblsfﬁajsource/draln

urther inclu ne portion ogver

bt o s e (16 S9RRER SERRRIGEFIGF MGt gommon withthe
§|ﬁJFa'1|Eﬁn5ftdmémBrg ({éﬂ@@l&fpb?&ir I@liﬁlébh’ﬂﬁbdbﬁééh thHaﬁlfrétl dnditsecond electrodes,
el ectrode an e [ [ ro the first
S0 BRGRL SIS kA 2N BB SR e R
Accor gy Rghyldd eRarhplet ﬂh@%u@@cﬁéﬂ@ha@fmdkﬁﬁé 4 BVIR @Hlb@’ﬂwaﬁar The memory
plurality of |ntegrated C|rCl11 Ere cel |
Bellsumakftehiagite Floserbiopp feashes iolgh e %1?3638‘?39 the 1oition
E\%l‘. efhd fheridh@s may define the silicon bases anq contain the field isolation. The
closed loop trench may be circular or formed in another shape, such as a square. Fig.
17 shows a top view of channel regions 30 having square cross-sections. Accordingly,
electrode column 28 beneath channel region 30 may also have a square cross-section
and trench isolation 18 may also be formed as a square, closed loop. Also, a fill
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substrate, and field isolation in the substrate. The
field isolation surrounds a plurality of electrically

wolsaked2si | i con bases over the isolation | ayecTasen04/042245

within the substrate. A plurality of silicon colums

d f T ,
Pt o] AP LBy o e SRl nSite ERaBRTAT pogpron
séog_nﬂ Iegyd&odmdAherham&ly thedilmi matenalsbsltwemv te glumality of electrodes
I vidual. nme
el B Prar R o e e et e it SRR Gleggroce.
menor Figc €2 biso shows pdditiora femturbe ot mewabemwmrectshﬂ thie ingention.
SRRl ek S 1z 8 B i 1 s AR oW Siaton 18

ur c r al n.
i©>sABWh €ontfalmedswithért opdningseld. iIOpEninds 18 dre Iclosed Iloopdrenches through

fer, The. cel l.s f.ur

P ofe, LhErEam R a2 Ao d e & dy Ry Pypecticany
isBlRd. bable olércissibtich mey 1@edridnethihsubstriatecth Exlastearleamilmns 28
cqnt mtla field,is %P The closed [ oop trench .
ﬁ’ﬁ?n BPWan ?’iﬂ"bﬁ'ecﬁluﬁa@ty F1990 Ba&P her shape, such as a
squar Pig. 2 giso bhowb elsstredd Iaper\/ZOSMmd:fogﬂ’rgaamlhb prlmgar)oilismsférial

n are cross:secti Accordin . .
R cBal B ediRRe AR AR e AR 4 S0 e el R o Adporton of Fig
$51 UI@(EV% an Qﬁ@'nétﬂ/@wtrfmtuwtbrfm matdrial betivetn €irst £R:ctrogesathatocan be
f or ne ‘ngqs uare

| .
FEPPRETH A 1GaTSIBaN CelEotTar 2t 615 115r ) ERCUpdepyg dprovices
geymiivhl sedendelediddd. YAr ineulamm_nyer @scfomn@l e eledtrode layer 44 so
(et St o ek AR 1o PRGOS RarbleBl i o

metlativemateyiar. the common second el ectrode. Fig. 12

al so dit aI f atures of t rlous aspect
B bl 16 S Rartial selonpbyiets 31 SklEra] process
5Bgs4RABING Wb fdmhatldm af tael pair bﬂﬂhembﬁy célls émEig. il B.0lrafigon idr 14 are

i's sho t hin n| n eni n 1
Tl s Skt Tt o Bn e ion Bhesta bihed ly bsrale A0y
Baystratd 20 lmlByEUéCéI?MIB ebmidonductdsr sﬂxeéurates Iraplahmrlr@cbxygynl iwhs into a
ectrica i sol at ases 0 i sol.ation.. ayer.
SR Relunces el todomERaB L RKS O i A SiiodY Sioe fyer, such as
§I|I3<V@fd10)fld@ nOtHee sem(tjubadljmdtye afaterials mapbbases forEu%straléZm and other
al so ectrode nct s .t
Bbiatfs PRl TP dreohir feBliob gt 150 SefinristTasan layer 12
?gbwhmmmmm@ew BabstlaRC10 Mg b;aéhalgnvlt :fm‘emfnpllé igom about
oWs an ernative,structure for fi mat eri a
BA0Q&R APyt ALU0 é‘i"@:‘?P@&Z@ that can be incorporated into
t he nmpmer prdiaglisolaionfayer 12 Zield i§oIEtl©1 mB§ bedorntddemier dm@tion layer
yer 44 el ectrod

r ov S An . .
1A supetiat B Alfauth § AlTH SR RROBHUE SR Ines g ordjgary skil
ffaytbealsed td fdrin fidkd i€6lbBdn, bAE ‘a§|@ébt b%erpireb"eﬁt invgntivh ifvohels forming
Ellgg%qfl {ogg %%pﬁlags? % %nu%J sggtregllaardpéun%gﬂlgnrﬁ%y é}hgwe f)%{p;?l?tgfy through
§@5stiaRN 0 toVibSuorplaySrel 88 bhan mmgeassmgtzaglwd @&qblmu of the
to formation of the galr of ls in Fi

c
brocERags SHbsTERShaNn &) SerioBpLREa Vs 5 ORstibesdd g degne a pair
bPb48ea B2 et Bblafibh lag¥ieT2. Udedtiditing GniiMsutative niatédal 1Ad removing

excess insulative material to form trench isolation 18 shown in Fig. 4 may fill openings
16. As will be appreciated from descriptions herein, trench isolation 18 and isolation
layer 12 allow each base 52 to be electrically isolated from other bases 52.

Fig. 4 also shows an electrode layer 20 deposited over substrate 10. Openings
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Substrate 10 may be a bul k sem conductor substrate.

I npl anting oxygen ions into a silicon substrate may be
waged/ b7t orm i sol ati on layer 12 as a silicon BRTAS2004/042245

| ayer, such as silicon dioxide. Qher sem conductive

T e

ﬂ:ébaci%orobaqcsﬁmmrfm iFigsl. 8tand 6. |y @dvdradesiueio ﬁcmnmpieamgeQQ completely
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from mnemmwmueamg( through substrate 10 to

I I h,
oo orhemst ot BealiRd Bl Gtidiayd ad wiin 2680RES 27 and over
muewallsrbﬂapgnmas 22peossibie chmpbsitisnsdief dielectricdayer 2dfinclude silicon
tlon

S sl R bRt s B A <ReBe 319 e BBions thereor
rRined it@h thickriess of fréraabbui 250loatboon75LA. Shdnsulator IEyg 264may be

et over S EonBP Sirfaces PR Ak RS, 2 hihat bifaertsa

bayaies bdcinhs QMEﬁﬁwlofgﬁﬁanQ 22 cudirey raktbotis ke 16 those of ordinary
er ba

Yol 52. .Fig.. 4 al h
0o 1S 5 E3E0 32 4G e B Ml e
fRaies geRdormonsus dfe(IHdﬁ’ﬁﬂayér 2| @Hsémléecdnmmoa@fdrmsulator layer 26

RSl 53 5 e 3o Rt B E BRI s o

abRNbdYs 20 tocmpt 80EAY t hrough el ectrode Iayer 20,

%5 Oﬁé@g’f @ﬁlggétgaggqggr? V\ftﬁélsétp% Ia&gg%{ﬁ Ag Inﬁﬂ rtlsﬁlgﬁ?g fgrr%red at the
- pyttendr 6|§brﬁny§mz%\tér Yasdy 5Rlig herabest toaposeastdeas? Bortions of bases

F1 G AP I L8 Ve e SO Y AT PPt PRt AR ey pp formed

an @ﬂmﬁﬁébrﬁécﬁ &{ﬁth éﬁé@e@fz aEmmmaf/ccamm_aszs lmiayaf??r:ded'& bga growth

e no e e.0 t ral nar . . .
Mt s SaPPLPaR San oTay e, Coptiaye Bavaris Mayibsihrovidest during
gﬂwﬂb@mma%e pPovqurceaﬂmtcbmleImgthwmswmeegsl ng a

ielecgtric peni n

51 dewiPeduridgeaf 1RiSh 5 st BERER SRR sben PERistigof 2 sutable

@Ibiggﬁﬁt ﬁlb?trd)cﬂ:h/wlurﬁlj 280k Igdﬁvtﬁ lpIooeem nralynueij a&atnr:%ddxmpmme an

oxi de af ni u Xi tant al_u and, co

DRMR s fasate 6 Bt 2 o R guENean gt 3 channel
P8U8H 305 As aﬁéltérﬁéﬁﬂeablﬁ?dnnlear)égron% &y bdorined ived sepdrate process,
horl zont al _surfaces  of g{Eéatur aihovvn in Fi

7, but .

Se¢h 3%/ derasitiop iof g seaifondidive mterial sven thaygh Pgt %IPIGSSH’ shown in
ng BdopHists 26 ﬁi«bwd@d@luhmg: vﬁ@oﬁé]@@tﬁ)d@fcommh D& ithyen

ski | I nsul at or I nﬁ%é é\l on as a, dielectric
Spyiding sy5 sceaav%we ai"?;? C% PI!II'&Q"PI"’HW%‘P{‘“%II%Q'°“ 30.
qfdogfaﬁﬂts%eé FIledlealéﬁér 8>&enoﬁ1¢gsgﬂoh,ltreumam¢§ bidvRizscHaRkel region 30,
i nsul ator | ayer
then dopants canbe implanted in electrode column 28 to a depth below channel region
30. Semiconductive epitaxial silicon or bulk semiconductive material provide suitable
materials for channel 30. One advantage of electrode column 28 is that it may perform

a dual function of a combined capacitor electrode and transistor source/drain. Channel
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include silicon oxide, silicon nitride, and

conbi nations thereof forned to a thickness of from
wahostoe®00 t o about 500 A. Next, at |east a poPCTMIS2f/042245

dielectric |ayer 24 and insul ator Iayer 26 forned at

app e hle  HER RS of37ont 4Bl 3008 B BRA AT i o
8, el madmmgecbﬂsm a%&eehsabf tHeaprasdnt IrﬂlganSIS 3atrapaditer

%mcﬂﬁ%s %%y ﬁg(%rm;dfcbge ra8§|sé?h a&gﬁﬁr S E %ﬁ:t&% ggp:agltor structures
cﬁmntlmﬁhzds hﬁat steps) a;rlmwm to fhnsdwfbrdnmryi ekitknThe dayarteimplanted

B folina P REer it crsci e Baf B Rfufy Sfin. e g to o

Whet @Wobe@to:)mesheat sepshagedxpdomcmnaicMn ghnictkesa Asisttuatires

D o ShESM SHBSEAThE 0EBERS B RSP P
édp@@i'tdhr@ﬁﬁcmfdsum’frcﬂﬁm processhy, sel&aetomirw:heat eterﬁatoer ioatur before
or channe n t
ol Oy neboneRicsima o brote deistl Bty S0 Spetrsy,
ﬂ@ﬁpécbrt\/eﬁfbr@ﬁ p@céﬁ&p@lﬂﬂ@bsﬁﬁemkﬁml a@lpaeitee struitaregbefore
own, in the.Figures. If dopants are

ressl
e‘safua'ih‘F%n@Jeg‘P&ﬁt'ﬁveéqué%l%de col um 28, then
pr OYI EortBe §Ul§é'ﬂra€@|h(bu@¢ds]$$1 H@p&rﬁrglgétailatfob?yst sigddrmed over
uring gro annel .reqion 0
Fbor elioa Hle Biayfisrsts aite i eriuEaR BUsT a4l Formed over
lﬁlﬁllﬂﬁt{@ﬂayéﬁ@ tl@rpraﬁ%% hiyate chrnoacios ca:ﬁwdmﬁmm?mmnaywalso form a
el ectrode col um to. a
G395 TS o RIS 3 P R AP ROFLAN BPoptlor 4ver 34 may be
eeiovea Wdﬁtde\@gé@gelﬁdﬁorﬂmﬁﬂbdmg 28 Iahghb@mé%ﬂho&)nﬁn Fays. 10 and
e advant age o ect
Pl ks oo FamhrauBHE DD Re Ao OB I W A campletel
&&Rﬁr@d Wr@l‘n m}e@ny absle ahadnélregioh SDEHo&»@ue? e? an @pt’lobn some portion of
n av I ckne 0 t ;
SBAPE B DB Rt BB L RPa e b HBlp et region
8so PhgSLihe anvimihg Aiatérial Hoes namapttmpaﬁmmbmrﬁ@sf meghory cell
be fornmed,_ before t anlsi s.t% ﬁi\(?ruct ures since fO{ m ng
COIRRIEN Sy Tl ExarRple RLCIBFFigR ShoBINg R ticer caliRggents,
knOVVnAis @hévhomﬂ=|@f1zoédllsu?dtixbn$évef B6 mEyebedforasd Sver the intermediate
BAFE N R T —

3é1eAt PR Codriphéaeddneds ddskes tafeat atfonétmhrmgcm@acriytdew|ce may
Sstructures. ﬁﬁ'gst ructur

B0 SRR ARG reHs o PatsHatse Lot SHowh e FRRE Seqggnal views

fe@ér@hdﬁ&i KersiAC ldoﬂf/erﬁibhul%etheés bRy bé@ﬂéd tcnform Q0Els {Senitmeral devices.
| east. some steps can ?ccur bef ore format

f.
Phormefis: ifeoiipa raHtUTES mBUPs T IFsLA ISR BPARDTA Sopckctive

&%cﬁdﬁstb‘elw&é?ﬁneﬂnﬁrylmy af@ besvdiehongthoyrcelleasethe petipheral
n\gqc%a ble to form capacitor structures before

tstor structures due to device configuration. For

t he spBshév B Fig. 1 0p&SAgd \Weﬂél f@rm&i th?dllghﬁﬁldltﬁ)h%yér@ﬁ% expose
32 is formed over channe éu rovide a ga
2 ReTIPR (oA FhaNng 109, A0 Migia-os wngﬁon ot meirigl was deposited,

followed by subtractive metal patterning to form digit lines 38 above isolation layer 36
and inner conductors 40 extending from digit lines 38 to channel regions 30.
Alternatively, a damascene process may be used where a digit line pattern is formed
using additional openings in isolation layer 36 or subsequently formed insulative
material. Metal-containing conductive material is deposited followed by planarization to
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insulator layer 32 to provide a gate conductor.

Conventi onal nethods may al so forma gate insul ator,
weuels/ass7a gat e oxi de. Excess portions of condBCT@IS2004/042245

| ayer 34 nmay be renoved to define a gate conductor

f . d
RS SRR iAot e R IS by oSt
cond ubémndlrg/lmonwateoalp iseleeley andmpenforneahderaiterizi, it eyl be desirable

BB airo0m-coke BFRED Py el SRISHThen@Bnihet bl Jand channel

r%g;dmay;or dnauitablei raenidrllayeabf) far exbhmpiectitaniami rotnid8 Omayeheamge

a0 Bt RS el tesl 4 End i fplreaigy 2o

Hbiablyl indal tohdabior 40 ngaykpetfmma dmahﬂund&mtas a émnlsmed\mgltmne inner

lpiE and pes D oriae B Spiogiin 1Y suRR padtnd e e e be

niriraizadl] osll strattard addormycdse flowi mayobe sitrplifiéds @ndtinterface area

S bl b hbps PR oo R e oo

ot her Figs 515 hrespiiiid] sattondDviewws atdeapeniial ptdvesp afatesileading to

BB DRI g MBI 4G JEm bl TRPb & PisH Beghondn Fig. 1 may
H'@ ﬁ‘tﬁ;ﬂ@ﬁtb@ to a igréatgrdebitto provide isolation lagemtdystavrf inrFigd 3t Removal
riafe conductive cegnecti 0

create appr.o bet
S atE BVateral TR RERRS 4B 5 fefiag F oldiglly Sheeltiifs 50 formed
@@’ﬁlslnbﬁfzﬁé 1deﬁﬂeﬁmfl dhadditiona substFat@ matétial tyfert pgenings €6 shown
t hrough isp

B PP BB SR basss 52 PR oRG saufh 2B dhd
”?“?S'r'ﬁb'ﬁ“@tsgéfﬂfﬁ'ﬂ?d O Gl IR R Llon of formurglarious
Ralisss Sndng dellerhetsbiloctinty Sl Vil aantn® Wb Biay i

inter@edidfe sttuchirasaebe Iue@l toem Ehe d’évﬁcﬁ of&ig. 6l YGonatructing

PRI CPLCrorLeoUa g ] SRl MBeTAL P

i sol aNbeJbly| abéelfrodiﬁa@ér Zﬂlﬁhﬁ)&mlmgtd yzﬁmmﬁdndeswd:cﬂnmmesecond
uctive i al

Tepoe ot e s 5! et oIS ey Pe R o e ebative aspect

SUWHIigtHiy el SagBrently, Fid. eid\whows @ngltbrriatm@stanelasraerelectrode layer

SRR FhHBetionk Fe s Qo i k8BS PR ey og memory

R du@td filematRrisli betwderyfst e(lmﬁodsh ofhe nierhovgeslls inolkedes primarily
conducﬁ ors 40 and channel regions 30. A suitable
I9gvlptoE faYPEg2r of , for exanple titaniumnitride, may

enhantge sfradirai éryar@fentehemcméaﬁt ldysi 24, fivstiatbrelby@es functioning
i nner conductor 4 chann [

G Ehﬁre i on_ 30. I\kt)tabl

A eI R RRACE 288 MTeH A ARYE AU a0 AR AER feutog are shown

{él@ﬁii&a‘ﬂ?ﬁ'l Eigsli 15 éﬂd?’@ Imrsocmmm%m{urﬂ@raﬁg@fﬂléﬁt is primarily an
ransi stor sour ce n suc ce

BT R o 2o 16 Bbfbin b RUER AP T4 AEEraIngl S alferent

Qﬂj&ur@pérkéﬁg@ﬁmenﬁmﬁy betdeéufaaﬁ@man@m wxémhouyhmwemwn ty
probl ens bet ween nenor ceI onen

addr e5Qkaranigydlielaciric g Vot § Beeq BYersievaln i olestene cajumns 50
FRY R txtetde@ LR GRHY thée AE6IS siRllRg funetion both as capacitor dielectric

and gate insulation. Accordingly, the portions of dielectric layer 24 and insulator layer
32 appearing in Fig. 15 directly above insulator layer 42 need not be present. Instead,
after forming dielectric layer 24 (including as a gate insulator), electrode layer 44 may be
formed as shown in Fig. 15 then insulator layer 42 provided to fill up to and including the
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formation of the nenory cell of Fig. 15. In Fig. 13,

ions 14 such as shown in Fig. 1 may be inplanted to a
wanrestoesc7elept h to provide isolation |ayer 12 sSROWMUSR2004/042245

Fl g. 13. Renpval of substrate material to form opening

eigiha 0T RO s Betibe T Bl b BT el aver o4

rtnay tienmepenéd gs afhd irstumbact ivith sylatdrdayssd2pr ovi de a

o R 5L S ORI B, GRS AT P s e
ahﬁpmmle&orampm layer 46 fdrmedbalgm&iectmde ldyea R0r ésolation layer 46 may

th e of I hat
R firmbr an s eras 1D foBenBiLoRto eyt dector iR b s
%lwwn ih FRig. dlewl:cﬁlﬁinpgo_l piogessirig a@mﬂd rrindigsn §-Panmd phandibiscussed
evj ces a roviding iptegrated circuit wring ma
e d’\"/ﬁy'ﬂg{j"ﬁgl‘%ymgl‘)ﬂgpr lg%le | ayer 20 shown in Figg. )1/2
t hat Atcfdrdldfg% ene aspeetofthe tventidre atmerderyaet fabrichiton method
of menuor

BriBS S 2 Snaon frSt enarareirousRs Spiirs Rengstoppoprostarain,

fb'&nmb@ﬁeotaﬁd ahpfftlbfaélemmd?t amd:touhmgascamcmr&ttéleage between the
ayer i ncti ons a.c "

WRLRHa e d ot TEIPEIHoReR SBTE A ufiica apsister above

bnd incll]&h@ﬂlh@ﬁrsb@dummafn By wey etcéxaatits foinibdthenseoond electrode
cells includes primari

SRR SpPoing R astont s edtton & SHEalé samoing some of the
s¢vont @leatroti@yser, 2ad ff¢rﬁﬁrig #fishgperingicaheibtedt thiatigh e sscond

Speradiane; SinesTane syl Juormy oA dicfestit i RGeS b6bositing o
gidRbtrigtisyes Withinl th@flfsaﬁgérmﬁg“lénd 6\/emal smwdlmf ae first ogenttig, removing

f th t o 12,
SR PE ARG es AR i s aeord ooatira AgmRifHY figrapane
dl@ﬁeb’(ri@bzhyérl dkpbkifg tHebsibstratet h'ihé%mw{edsfhﬁmcgﬁdé and first
si de

di el egt r|c med over
SHBET i MEB PB VS0V e 31 APE AR ER L APeaT bR g BipuSr (e dietctic
whol eAs iafl eitBirlativedexammsié i fomihgtHe mmm«rstt @éctrode and first
di el egt ric and te insul ati,on. ;Accordin

t .
e i GeY dcuitB B tng Ao e AR SPas e gamovne
pnfwgi&fgl a{lglld:dh dol@gnn. 150rt|l?h|mg{3mbldjela??¢/ mafy rsolticet depobiting & dib?ectric
eed no re ns after el ect r
Svons s A kol Efing e segrt SeOfBufaefiblee
H@)t%itmﬁ‘h mbn@elef:ﬁédﬁéldy@&‘ov%h@wmeléctﬁc g. 15t hen
i nsul gtor Iﬂgr 42 r0V| ded t.0

i ncl ubiPHY"g Bty oo feayiBe of 4PBermsgt portion of the

behpmed fisk @@bﬁr@&anﬁﬁrﬁﬁ%r&%raﬁ%@éﬁnﬁndh%{ th'é‘bel’mt)bnductlve
t hen be forne

on an n.contact with ir ator
UBOeTROR AT el o1 eBRehAL e e h 3SR A, forming
f%@eﬂ%ﬁ%ﬁ?éﬁtoﬂé&e@ indhldd ?rtﬁrg %gl‘ﬁnlsm%hgnwm IabO\lvémbauTSt on
ayer orned be ectrode |aye . _Isol atjon
B/, (I GBEs RSO i 1o Canish Pl BbGHe the second
@ééé&ftor{ Aedtydel atH phesirtae baté&fonaﬁctbhlayer\/\@(cééwwrtldms of the
Cont i nued ETOCGSSIH as sh

a3 oA SRS SOEOHER GTPVRf (WA ESTUAHG PEIDT b thor e goructor

ib@er forming a gate conductor laterally surrounding the channel.

In another aspect of the invention, a memory cell fabrication method includes
forming a second capacitor electrode layer on a substrate, forming an opening
completely through the second electrode layer, exposing the substrate, and forming a
capacitor dielectric layer over sidewalls of the opening with the substrate exposed
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According to one aspect of the invention, a nenory
cell fabrication nethod includes form ng a conbi ned

woiowstoceapaci t or el ectrode and first transi st oPCT/US2004/042245

source/drain, form ng a second capacitor el ectrode,

ko BpE R icTAP AL et (8 S R 1800 8 i Fansistor

y®Irtd/d@in mapbe iepitaiallylgrowen frooh the ekpatied gubsteatéi The method

sour,ce/drain.., By.wa | F n .
BRUEES in Mo s e 3hng SEER o8 U 1 A e Bl forming a
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@‘l&e trode layer, and formng a first opening

rf%’l”‘@? iy through the second el ectrode |ayer,

exposingfurther sspest ofthe invEation, agndthed dfi fabriczting @ pharality of memory

Rl B AR e
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Face S el 5" PRE" CHoo e S bamshBL i hqijon ayer and

/itsia tisibsaate. fTHeshethod inckidds formirey ploealityoofrsiiidomicblnimms

the first and second openings and over. the diel ectri cC.
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e
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0] e C¢Ool um. r n secgna el ectroade

PRI HEHBE MAVRS TaTGRLOoRh B -BUEST Sgard Skirog gnd the
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S0 3 SR RRAEIRSY RO, i SO 7
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defining a transistor, chanpel, of. the verti I
EolLB SO expReng sl hachs SRsrdoUang Miete isafilpa apg thegecond
bRelrowe AlRrmativelyaformmaths tslumad aamicluab osrotihg afpiortiin of the

OB P B S o B0 o o

ROMAtieh.amBe msthg rabefugheeinclaoe selectingl sahioknedskafdises second electrode .

portions. of the gate, conductor |ayer nma e renpve
e ihel wrishati (MG seaend FiaT e ks Sbtetden B8 A, Shors
BREMbAES. Alieaiztiveiones eiciod enefuhénindude depagiting ahhiesulative
chann I n anot% ect ,of, the. inve

nel . er as ntj on,. [
EEATTI QY5 02, 57 OH0 ARCHiOH Rt Peiseh £15 IR VED! Sest sirgrodes.
TR F tHR) f&bhi@dl%cig@d@ér;}d)iﬂs@amhﬁétgﬂéllenayf los @éléiqedsuch that
openi.ng conpl etely through the seco trode | ayer,
BlmaEy e PRU=E\RTaFieaLls Zmbrksce,ng Pligiy Pl e84,
di el egitkidrashasts of Peefvetictiemaiubs nmdriidevipentdrgaining the described
the substrate exgosedt hrou%h the dielectric,la

RS egllsrandgo SystgmsS g’arp%gl rmemprrysqewcgg ralon'g?‘with a

hiGBloeés¥or. SPidl ¢&{litstedtas r&ify, BPpa st ekdnyplgrisutnof syoway of
t he exposed substrate. The net hod4lpﬁcl udes form

¢ | n

IIPERLSIS 66 PMORAIRSE O FUEPIST SWsIRFE 4P 80qqTyIBg to an aspect of the
PRISEREAFKALR. @dhpuld By stemau0DaRdlidet Soditdr 401 ottiener
conductor and second transistor source/drain directly . '
sp@HQenication output device, a keyboard 402 or other communication input device, and
a motherboard 404. Motherboard 404 can carry a microprocessor 406 or other data
processing unit, and at least one memory device 408. Memory device 408 can

comprise various aspects of the invention described above. Memory device 408 can
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the channel. In a further aspect of the invention, a
nmet hod of fabricating a plurality of nenory cells

wonaelswdes2i on i npl anting and form ng an i sol at POWUS200@/042245

]?url ed in a bul k sem conductor substrate and form ng
|eld|solat|n|nt T '

e e i ey St 4B it Foay 0 o GBI iGssing
&lﬂ*s;ﬁg forvamcesding inslivicaiali memoay ealls amthevartdyi rIFurther the memory cell
substrate. met ho r

LN cﬁ%ﬁﬁéoﬂﬁggaﬁr%tjfﬁg'%ég%afdr%%'ﬁ i e ar aH %{e"g fhe
&ddréssing drabead clrauiry catube utilized rfm;onmylmgjmfugmanmbéiwaed memory

AR oo b A S AP pl e bR e or e

meméﬂdda&ﬁmeslmﬁﬂnmg t1i%ris soéh blbek dlagnarrd trm anixiremm circuitry is

nd d e f d i
DiStted S5 R PR edy SRERRTS ThEFHEA%R A2 ner o <O™"
d: el emt%dn%ulmwsﬁ@cti of uhie?h\}zeatm? et:ciemm delolnmé}ﬁS sac codespond to a
el ectro and t ralit i rst t -
RN Badvey Ept Prateiey s trehulihiodfod Giilis) gnd dual in-ine
@eehohyImbagles g:uvmmh)\mawlaé uddria lthesmpiemaitdllcm that utflizésihe teachings

BUBE St QLoD oLl B U O EARTBL OLR) B vt

- 6fdedigng whichrprevige aifferetit iﬂetlﬂfdsbﬁsmhr@‘ framn ahdmwriting td fnemory cells

;ﬁtﬁlg ﬁ\lggg e orépgﬁ‘ %’@%t ggg@? G‘r%ﬂg oggﬁgprthqg&énode operations in a

DRAW ardQefingPby thlérmethotl br.‘aédebﬁhg atrew of henereory \celhgrrays and:
i con colu

I OVi t he , d aft ds, f '
(andomiataos it QiTPisHE CoHTBT Bl i 4 DR IR o el &nd column
it‘hﬁirtﬁé‘dhbﬂ gaibé i‘édﬂ;}é\ﬁﬁ@ltﬂﬁt O\lmhlle tisst colehrel @ctessdd. such
bt weBh aRaals et gy ians e Serded et psButTEBR memory which
Aldwer dudd biorddyat o MemaBl dresl ddaredsitd bbewailantd asleutput after the

i nsul ative over_ the

d t nd
g&@g?s:eglcpgﬂg?{gh%?%@eq{osteﬁe?&ﬁ me&p?ry);agfncﬁarsgfsome communication

Sperelb Ib?@ﬂ@wm@@h@ﬁ!é”&&ﬁ:e@s‘ siyivels Wﬁl@@.ﬂdedilc&%tthﬁdmean dvhich memory

insul ative ria ted such tha

BPHRaER R R PaTe e B Ter Sforifere Ve ofsisyiges clude

sbeAM, DGR sSDRAM, SLDRAMeVRAM ardieBirecORDRAM Sza0éIsasfthers such as
nvention i ncl ude menory devi ces containing the

ég&%‘?r &hBRBPYSEel | s and conputer systens containing
such mgmzm MuSteate € 8 sinaplidied blick diagram of @hfgﬁde\iét Organiietjon of

s poaients Sratseraen ARl Pe Ao EF g blssSt invention.

Syé?cbmmoﬂ)%n%@ﬁ@é;sbrﬂgotf@r emnase, @&orﬁ}ﬁutéﬁ@s’@hﬂ&eﬁrbcess control
i nventi on. nput.er ste 400 i ncl udes  a noni.t
r tg% B

BYSIg ANy RARL VRIS 132 IRt S0 A RR  meg.
Erec%ﬂﬂ@ é% @ngogfégglirﬁbﬁohé] RISmMEHRY, iivcudigga pﬂ)o@%dl@;f aftirbtic/logic
er boar n carr m crQ sor
sonia D08, 3Pt e a0 remafeytber o8 Gha Sdniipuut (10)
devéc ot O8endYBIND EleclEMit €FstéS 00l BN hatfe\st bnustrucnons that
aspects of the invention described above.

SRAATY eparstiorsiedsRsiriosacd An drtaky e PRRATEFY %2@9 othgy dnteractions
BEReA tHAYroEE 0P BOE A hriRfhof HdViGIGHIERDS 41l the I/O devices 708. The

control unit 704 coordinates all operations of the processor 702, the memory device 706
and the I/O devices 708 by continuously cycling through a set of operations that cause
instructions to be fetched from the memory device 706 and executed. In various

embodiments, the memory device 706 includes, but is not limited to, random access
13
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circuitry for accessing individual nmenory cells in the
array. Further, the nenory cell array can be coupl ed

woao@/o6edael circuit for reading data fromthe nBADUE2004/042245
cell's. The addressing and read circuitry can be

bbb ey DY B LR SRRl s s
atlsfwflcfﬂpycd{skﬁﬂrglg rachacfonpzet disk GE-BOM dhveolomdrmﬁmdiharyl%jkgl. in the art
i o G ¥ A4 Boe BEnAHT S BlsPdsfie! il byor e
|ildﬁmﬁtdeiéc&ﬂbasomameritg]arpmap'ablaI@belag mim'tcatagft?nrtmme DRAM cells

i on Iy :
e TR ols ST otRE oraBnERIERRRNCY, O 0
Em:jul FEig. ngls M\&me Elstfled bihekldiagramiafia highvevgl o'r@ahnteelsn of various
diod Bt an ExefiRprecs P PRISFLER TRt 5R0 mpluges 2

rAemorydelizei 802 thatrhal @ni amayra aremiay celixt 8D4aa§ld|e§s decoder 806, row

Fhen s RO RelP e P50y o) el borleh gREn 512 for
dhmtrollifg oﬁmtu@w; bnmhumtpst difeaitry8d4. Thd mem@‘y alevioa 802 further

Paddapoer sReuty PR ancefieork 20 BN el dordeiermining

WitdtAed memopessliin i allofk mres’mbldmnindcra:tmgcdtate loe inca hlgpl-threshold non-

cstcr . he TRRrFEPRAEr SGuITE el SR SiRPl BRouity
g80, eirdLatnes82/ioe praviditeva rferieAcd hﬁtagnx ciredity 8atfar mroviging the first

wh al dat t d at \
e Tl ARS8 8 S5k sy EF Rl puises, anc
GRdmgBB8dorosbuiting igsbibirewith psises. THe systepmB0y alsaincludes a
|ncreas§?2;orre conmmuni.c eeds e{éﬁal | owm ng shorter ‘

RIOERSSOr 8275 Q5 MEMATY Ao P%@’ﬂm YRESPRE i n which
Menor Yhembidty divice 802 reveivésdbdrnrobsigrals8pd frgmliths pracebsor 822

TR RSB 40 P KSR v

élfce&%%l\ﬂ@lloﬁiln% hltmhb‘é agsrecified.by2hosd dkilletlirathesarbthat additional

rlg(qufnlged;gngl OCk rg)aegn? o{gﬂg%%éﬁigh%\t%g lg] ﬁ'{:c?fgi%\ﬁ%et é(?f has been
§M§>ﬁﬁ§@ tES@n@IpCfbcﬁm peasention. NiElbastane objrst groced30r 82thor memory

el Shiteie SGurbiET Pl TR A R Bk f e vee

@éﬁ@hw&pr@v@uﬂyasw and associ at ed mam)ry El ectronic
i ncl udi

system 700, ha t Ly S
p¥oce R yarone JupRRe Y RRmagH B rcoykp Bye ilsded to provide a
éilQindélr@tdnd?@‘bf varisusrapplicaliovs ée thmmt‘cuﬁ@ﬁamimﬂruatmres of the

el ect.r.oni

ut/out evi c 08. Cenerall

S AR 08 Heded Boen S SonEBICREEIRERN f 2t the
Q@ﬁl@hfs}érﬂﬁ%gidswdﬂ an Teﬁacbﬁnlb t%yét@mmg}nemmya:éuy |rth #ezordance with

rocessor nd ot her I nteracti.ons bet X

BrRGeta o Hss e oS QER RLITHY 0 g ket ¥ aniprgand that
HeViaf6ss d18&ronid &y sediy ¢4 bwﬁbtlceﬁ@dln@ﬁgld-pﬁata‘gs p&bdessmg units, or
operations of the processaqr 7CP I& nﬁ]rmro}{n devi ‘i ?
even on a single semlcondBctor chip, in order to reduce the communication time

between the processor and the memory device(s).

Applications for memory cells can include electronic systems for use in memory
modules, device drivers, power modules, communication modems, processor modules,
and application-specific modules, and may include multilayer, multichip modules. Such
circuitry can further be a subcomponent of a variety of electronic systems, such as a

14



and the 1/0O devices 708 by continuously cycling

through a set of operations that cause instructions to
woeods@mbed1ed from the nenory device 706 and exeedras2004/m42245

vari ous enbodi nents, the nmenory device 706 i ncl udes,

@é%}i, éﬁg'g‘%%'ghhg]gﬁwoﬁrp%ng ,B%PS%%%C 5 z\?ﬁsrc @T’gﬁtgﬂ‘%)%wan industrial
htiopfyesterh, ateairaraf andothess a fl oppy di sk drive and a

conmpact disk. rive, of ordjnar Kill i.n
e, afte RYPRC TagTEeD AsSSingeliT EBaar nafr 853 spech® as to
staugfureheichaeifotibalfeatusss| disisiteebe tihddrstang, fafwelvbe that the invention is

st Te s SoEft R RAMP L AR LSs Rl RaInE par b Rolh

disclosuiconyprizetpsefofred foemproé pettihg theviavdrition intéieffect2 The snvention is,

implified bJ.ock di amof a high-level organizatiaon
Gt HREredt/B iy AL EREh SLmoa kg il BE PR Seor¥ or e
appinded SRims apgropystélg mt&@bstedicl udes a nmenory devi ce
802 that has an array of nenory cells 804, address
decoder 806, row access circuitry 808, colunmnm access
circuitry 810, read/wite control circuitry 812 for
control ling operations, and input/output circuitry
814. The nenory device 802 further includes power
circuitry 816, and sensors 820, such as current

sensors for determ ning whether a nenory cell is in a
| ow-t hreshol d conducting state or in a high-threshold
non conducting state. The illustrated power circuitry

816 i ncludes power supply circuitry 880, circuitry 882
for providing a reference voltage, circuitry 884 for
providing the first word line with pulses, circuitry
886 for providing the second word |ine with pulses,
and circuitry 888 for providing the bit line with

pul ses. The system 800 al so i ncludes a processor 822,
or menory controller for nenory accessing. The nmenory
devi ce 802 receives control signals 824 fromthe
processor 822 over wiring or netallization |lines. The
menory device 802 is used to store data which is
accessed via I/Olines. It will be appreciated by
those skilled in the art that additional circuitry and
control signals can be provided, ad that the nenory
devi ce 802 has been sinplified to help focus on the

i nvention. At |east one of the processor 822 or nenory
devi ce 802 can include a capacitor construction in a
menory device of the type described previously herein.
The various illustrated systens of this disclosure are
i ntended to provide a general understandi ng of various
applications for the circuitry and structures of the
present invention, and are not intended to serve as a
conpl ete description of all the elenments and features
of an electronic systemusing nmenory cells in
accordance with aspects of the present invention. One
of the ordinary skill in the art will understand that
the various el ectronic systens can be fabricated in

si ngl e- package processing units, or
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even on a single sem conductor chip, in order to
reduce the comuni cation tine between the processor

wanastdae7aenory devi ce(s). Applications for meROTAS2004/042245

cells can include el ectronic systens for use in nenory

ﬁggghgs, devi ce drivers, power nodul es, comuni cation
processor nodul es, and application-specific

holdim:es, and may include nmultilayer, nmultichip

nodul es. Such circuitry can further be a subconponent

f a yarj of . ' such as acl ock, a

Sel ev inﬁ)t%él%gec];%ﬁhﬁﬁ]egnﬁ@ Eglﬁ%aeﬁ@gmﬁ conputer, an

aut o rraka:bh‘@jn%lrﬂra%tmﬂpad;ito'r glectrode ang flrsytsaraﬁtormumefdraiaf t,

and ot her has been described in
I angugﬁgcﬁ%dr %F,tﬁg}eggctt'?ggm fic as to structural and
met hodicaphcifoe dielecti batweérsthedirdi@nd sdeorst electrodesyander

ot uP St i A Ahg iseBing st SSBREEIA, 7

di scl osed conprise preferred forns of putting the
2nvenfThe menmirg cell bealaim Tbelieintbavedical tanststm‘roefrmriees a transistor

R e B8 HsE St Bl oo lor B Bhdrtel apa -
sedopdiraasistbr Shidchdrain abaventhe thamaeli nt egrated cir cw t
menory cell conprising: a conbined first capacitor

l ect rl' g?n fcélr QF clélﬁﬁi‘\?’hérteﬂ'{feaﬁgé gl?é g{ﬁﬂ ﬁnecl %Clggéjthan or
capaC| or electro a ‘capaci tor Fc Pet ween

ebealtto f%turalsutes:édmfttsimmtmdedes, and a verti cal

transi stor above and including the first source/drain.

. Th ' j: ;
P ano OFEIRI ) b4 Bhiich HESCEND Sfoe b6 B by o
fligitdine snmer ceridiictarepnrectjeg e digitiinade the cheoneld t he
channel, and a second transi stor source/drain above

?h ec I?’ﬂ@ ﬂ’i‘:émorg ];cel-lrﬁﬁcl ?r‘éﬂ tth eégﬁrﬁéﬁb@nané’@q %rﬂiconductive

eature size anne an or equa
tpwandraxterision oftthe eembined firsteleetrqdscrnd first spuEce/dsair y
cell of claim2 wherein the second source/drain is

Oﬁpf 'Tﬁé%em{or‘? cdil &t ct,lalH ’ﬂﬁ:hér’éﬁﬁhe CRIEHHGE BHd g&r&n&%técﬂed@sunound
Ine to channel . The menory cell of claim

ﬂﬁ/@ié’fﬁ#ﬁmﬂﬁ@t lﬁﬁﬁh’ﬁtﬁraWon'prl ses a seniconductive

upwar d extension of the conbined first el ectrode and

f7l r st TRO WY rcéll Bt clfim 1T B&mprsER % drartaydf aCdiavalfy bf such memory

wherein the dielectric and seco el ectrode surround
eells wherein the segand@leciede éﬁ@f’“?e&tae‘?%m?n elpctrqtﬂ\%awgﬁg)m? plurality.
cell of claim1l1l conprised by an array of a plurality

ef SUGHe WRIFRGTY cERbi QaiMElREmRIH &8 shRGONGFL EGET WH&e F is capacitor

conpri ses a conmon el ectrode anong the plurality.
Size.

9. The memory cell of claim 1 further comprising a straight-line conductive path
between the first electrode and a digit line, the path extending through the vertical

transistor.
10. A memory device comprising the memory cell of claim 1.

11. A computer system comprising a memory device and a microprocessor, the
memory device including the memory cell of claim 1.
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8. The nmenory cell of claim1 wherein cell size is
1.5F x 1.5F, where F is capacitor size. 9. The nenory

woebds/oede7el ai m 1 further conprising a strai ght PCTS2004/042245

conductive path between the first electrode and a
git,line ugh the verti cal
ansf‘@fné?gra{fgec'rg&%m g%w ceérgrng}prl sing the nenory

cel | atombimedfiist cadacitar eleatmdeesnds‘ysttteamsstmrsou&er@ala

nenDr devi c ry device
inclu ﬁﬁoqdh%pﬁgg%%fnléfj?wog ﬁﬁqﬁgﬁ{rﬁfrgqge&%? i nt egr at ed

circua t:apamtlor gheleei(;ilc betwezn the fitst aad sendmdrash@btrfodes,} ;
t . '
o CecoiAEE A F urety PBYE b o Sl ARG '

el ects @dmbméd @itgltambtlmferdbadilmmﬂdnd seedmwiieanmsister daurcet/drain directly
alg% 3 cond e"ect rodes; a transistor channel directly

aYedNe [REMNel st source/drain: and a conbined di git

line inner conductor and second transistor

$3ur cthel meimoryl celbaftdigimat2onviesreinéhe bizammel direb8y cdtitacts the second
menor,y cell of claim 12 wherein the channel directly
%%?eo@'ia@‘the second source/drain. 14. The nenory cell

of claim 12 further conprising a conductive barrier

Mt we€ne arechdrncell efcdaiinci) fudkmtczwmpriaingia donduciivernagier spetiveen

ARE T CHE f P R R Soha e 7 T

source/draln. 16. The nenory cell of claim 12 wherein
i5e chiaememoryoglt ofsismmal 2ommdreioniorichannel diraedly dontacts the first
§§hg a gp of the conbined first electrode and first

dUreerar ai 17. The menory cell of claim 12 wherein
t he dlelectrlc and second el ectrode surround the first
¢6.ect Thelmeatory eelkef dlaimer2awheyein tige chanaeheanaprises @ senti¢onductive

%@%@1&%@%{3% %h%e&n%n ird{ &18e4r %lfe dhdfiry éahllc%)ﬁré}ﬁ such

erein e 'Second el ect rode conprises a
common el ectrode anong the pluralltéé 19. The nenory
_&él | Ghe olemany ¢oll ofiniaiei 12 wheteinitee dielestrisfandisecenthealgelrode

§§héﬁ,¢’gg%|g&¥ﬁdé 'Ieés?laﬁ@rﬁ?)}”e size of the first

e ect rode nmenor of claim 12 wherein
cell size is 1.5F x 1.5F, where F is capacitor size.
98.  Thbe memsiry celloficlaim @ eamarised by ap RaRY @b mpiiralitngf sich memory

88 SwHePEIH Y Scoh@eRicRblY caHPAiRY RSN BleEGI S hong the plurality.

19.  The memory cell of claim 12 wherein feature size of the channel is less than or

equal to feature size of the first electrode.

20. The memory cell of claim 12 wherein cell size is 1.5F x 1.5F, where F is

capacitor size.

21. The memory cell of claim 12 further comprising a gate conductor laterally

surrounding the channel.

22.  The memory cell of claim 12 further comprising a digit line portion.over and in
electrical contact with the inner conductor and a straight-line conductive path between
the first electrode and the digit line through the first source/drain, channel, and second

source/drain.
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22. The nenory cell of claim 12 further conprising a
digit line portion over and in electrical contact with
woheosioaage conductor and a strai ght-1ine conduBCras2004/042245

path between the first electrode and the digit |line

rough the fir. : r.aj : second
Shur B obUce s RN FeBhtnal ABISF a2, he enory
cell of claim12. 24. A conputer system conprising a
e nor A compiteesystem sompgsiop adeerpsyrdevich @ndenvicropiesssser, the

I ncl udj . i ' . . I li
Pl e SRey B FB 2 0r T si ng” a bul i

sen conduct or subst rate; an i sol ation | ayer buried in
2%e sAibbiraliy of integesitet ciryitaneroeryicells temprisigtr at e, t he

field jsplaLi ' a plurality of

el ect F@&S?{f,‘kf&ﬁgﬁéé?fre%*ﬁgﬁ?@gon gases ovgr the isolation

| ayeraraisdlation layer huriedsntistsubstsatea plurality of silicon

col u X ' f ; ral ity b

ool ST RGO e DS AETRE sl Db
eleqtrcally solatée siticardeasan dveéi the isolatian dayer and withindbe¢ dukstiate;
and i ndi vidual . I rt (AT aTo e o

o0 Lo BEEBSl krr GOR o siicon ases
intividahli dojunaris coemisingcetdrebined tirspeapacivor eléattode tanid dirst transistor

bet \/\g(grn.nt_he first and second el ectrodes; and a
P TEl ’?P%nsi stor above and including the first
sour ciedididaairmerd6éry cEfie furthveocgmpridings of cl ai m 25 wherein -

t he substr ' - Sl r

memory cel § SSuT A eRr A st ot i sty of Rbmory
¢ellep trenches through the substrate to the isolation
et e ABRSERGEL B o s i Bp ATl an
of cl ai m 25 vediealdiansistoe aboveuantsincladipg itlsefirepsausce/drain.
silicon. 29. The nenory cells of claim25 wherein the

ot 1 SOMBE SRR ok 20 Wby, SBFLRIINEIRES 2 puke gicon

wafel. materi al between the plurality of first
el ectrodes conprises primarily the comobn second

ect ] e i j
£ 180 el o 2K il S gD Hefbrbstronon
thestibstrale to thengnlationdaysr the trenghesrdeliningtke siieonhases aad

gé/nqéipiép%é@g@%?ﬁﬁgﬁond el ectrode. 32. The nenory cells

er conprising a digit Iine over and
in electrical _ o
28. The memory cells of claim 25 wherein the columns comprise epitaxial silicon.

29. The memory cells of claim 25 wherein the columns comprise part of the bulk

semiconductor substrate.

30.  The memory cells of claim 25 wherein a fill material between the plurality of first
electrodes comprises primarily the common second electrode.

31. The memory cells of claim 25 wherein a fill material between the plurality of first
electrodes comprises primarily an insulative material over the common second
electrode.
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contact with the plurality of vertical transistors,

the menory cells including a straight-line conductive
weoabds/oeet7aeen i ndi vi dual first el ectrodes and phe/use@un42245

line, the path extending through correspondi ng

%#dcl ﬁ%@vﬂé? fé olg fam f Jg r%bmﬁﬁSmJ q‘@lrnr%r%lﬁp §r|1c! i electrical
dorfidict withetihee pliaraligy ofa/pamattmnsmtczre thg aerffdrg catsvinciydiag lal graight-line

of claim25 erein,.i.ndi I t L Sstor .
e PlePET pp e ity Hish BRoi st ihe it he bin extending
ihraughesottespandirey lgatnelualoﬁedmttnanmtomnd t he channel, and

a second transi stor source/drain above the channel.

32 8 R o8 B 2B B L0 SR8 R v

iefcapheitof sizet el ectrode. 36. The menory cel I s of claim
34 wherein individual channels conprise a

S SRR HRAT LIRS DO REHR el el 4ahs ity Eforie =

sarsisior channelabdvathe first sbameydrgiada bgtescadidyétor arioned thergiannel,
d ' | Qi h h . 38.
SRR Bl BB shiRe Refih Bbbye MBRORS o homor y

cells of claim25. 39. A conputer system conprising a
3enor Yhelmenmoey eells o claine Béprheces Satyretsive ofdhmelyandelis dess than or
é{}ﬂl k;dfegguré Eige Bl‘ ‘Weqir tteyec%dgermry cells of claim25.

Icatron method conpri sing:

formng a conbl ned fi rst capacitor electrode and first
86.ansThe oremuoy cells/af ckim 34 wdhengin individuat ehannelsresmarise a

SAEbAQAve LSRG A ashdiftud SPLs bolmnbet ween the

econd el'e ormng a vertical
transi stor above and including the fi rst source/drain.
370.. Thee memusyicelis of Iclinm34ovharein densecpBd sPwge/drain iscopiriised by a

ugﬁﬁfpé poler E@L?guoﬁ ESnhrileRRSh bighding t@%%qnﬁésect rode

strate, renoving sone of the second
electrode | ayer, and form ng a first open .
®npl étr@epryowmewg [FOMRESiBg Eerplurality of meseory 59'85qu claim 25.
exposi ng the substrate; formng the dielectric

g@n‘pr A%%%p@%?%?étéin%nﬁmging|aﬂﬁéfnbﬁy dle%:%raridl' 3 hhidhogrbéessor, the
first opening and over a sidewal |l the first

BeERMgeviseiRplyfing theplaradty qu;ermr&lcgl& 9 |°éa"ina?;5e and
form ng a second openi ng conpl etely through t he

4o el eatrhériolys FabrieXiSrhe@ol bemphghg ate; and the
conmbined first electrode and first soahfﬁildra nis

{ or netPTHNGA FPTINESY fiektanagioralkaivge GpeArshyansisir SRppe/crain;

t he dighefgld $&oond apdditer SBéthsy; of clai m 40 wher ei n
formng the combj ned first el ectrogde and f 3
forming a capacitor dielectric between the first and secon electrodes; and

forming a vertical transistor above and including the first source/drain.

41. " The method of claim 40 wherein:

forming the second electrode comprises depositing a second electrode layer on
a substrate, removing some of the second electrode layer, and forming a first opening
completely through the second electrode layer, exposing the substrate; -

forming the dielectric comprises depositing a dielectric layer within the first
opening and over a sidewall of the first opening, removing some of the dielectric layer,
and forming a second opening completely through the dielectric layer, exposing the
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source/drain conprises epitaxial growh of a silicon
colum from an exposed substrate. 43. The nethod of

wobheisrmedd2wherei n: form ng the conbined first eCeaSemded2245

and first source/drain conprises renoving a portion of
a Sh’ con substrate, the renoving providing a silicon
S lf’%rm ng the dielectric conprises depositing a

di el embrdomblum}deflrst@l@troeie and §ved Boure@/dtdie isdotnuedhyithzim the first and
t.he se e conprises depositing a

ge&aaﬂ&ggmg%? ?%%g\%qgﬁéegg%%/@? the dielectric. 44. The

nmet hod of claim40 V\hereln formng the vertical :

42.ansTis¢ mettoongs claie $0Ivéwrdin forainathp sombiteddivsttslestrodé and first

t he r

%Oéwi‘,eggrﬁ %q%iw seg §hléa%1éag c{:v@ﬁgf Q'%ﬁllc&ln Eélhmﬁ(?r%n? Slll g{q?dsgd WBbstrate.

defining a tranS| st or channel of the verti cal

43.ansTis¢ methotixf clBire 4@wthesginiof cl ai m 44 wherein feature

f .
Size Plmiding BARPRE ki bRSPoddIHY it Sl ok JRHrRES removing a
Pdliovn of @ siticdrosubistrgtet ﬂne rempying grovidinga isticor caempr i ses

¢ .

Loy PSRl soARES ol d deERL i Bl ghovan o
thercebuiming aabbove t he chann_el a second transistor

i 8% ?ﬁ)gg EP%I tﬁ g% eo%?ﬁerlleec?foéé %Qﬁg{@&@é@gﬂﬁ% Q%‘egﬁd %,ect¥ode layer
oVeritime diBleatnier ei n form ng the vertical transistor

conprises formng a transi stor channel above the first

%ﬁ urcefd %'tl{hgn%%[fﬁ]n . v?rhegé'}ﬁ ?orﬁ‘fﬂg;dtlﬁ‘étvgﬁlclaﬁ}’ﬁs s"ﬁfr% rises leaving

e chan € secona capacl tor e ectro
ah appermoshgprtitreoighe eombmdd irsh eleictigde andhfirgt sames/dnain as

§%—ﬁ§3ﬁd&,ﬂ{lé t {§erﬂfco%&lﬁﬁ2@%§qe‘fﬂ% rfidn Jjérﬁg'{gee} f??%srisr’ﬁ)rhcéhannel of

rning portion o e conductor
thegetteativankistoror | ateral |y surrounding the channel .
48. The net hod of claim40 wherein the dielectric and

I
FECoT e S} gl Sleelge slodonsi ol

mdemuwsizﬂefhherﬁtﬂfﬁle@b’bde as part of an array of a
plurality of such nenory cells wherein the second

¢ ect g ﬁleﬁ‘gi%fifﬁaﬁﬁ #gtvﬁ?m Borfli ﬁ&ﬂwé%ﬁlcﬁr’t’%ﬁlsﬁ&%ampnses forming

urality d of claim40 wherein cell
sitrzesnstgr chamekdiecdyaboyedhe first sguregigeain gad faginng a digit line inner

dReR: Qf?gctf%fab%{/é‘ﬂﬁ nMbIes §é6brfdh?an§%f8?rsﬁu&§}dram of the vertical

conprises a“strail I ne conductive path between the
framsistorcbeing ¢Qi’dléﬂ$@ﬁd>Yéh%lanPt conayetor.t he pat h ext endi ng
t hrough the vertical transistor.

47. The method of claim 40 wherein forming the vertical transistor comprises forming
a transistor channel above the first source/drain, forming a gate conductor layer around
the channel and above the second capacitor electrode, planarizing the gate conductor
layer, and removing excess portions of the gate conductor layer, a remaining portion of '
the gate conductor layer forming a gate conductor laterally surrounding the channel.

48. The method of claim 40 wherein the dielectric and second electrode surround

the first electrode at least laterally.
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52. A nenory cell fabrication nethod conpri sing:

form ng a second capacitor electrode |ayer on a
weubwstoeat7e; form ng an openi ng conpl etel y throrgivuSkm4/042245

second el ectrode | ayer, exposing the substrate;

" o el ke 40 BB b dor e B Fhed o et of on ey

cfi aeblemlhtyi af sbiely memogpcelswitairéin tiyr sadongd efectrodd corapridesrastommon

% tor eltglgi)&}? and first transistor source/drain
aén%@(gp %strate formng a transistor

channel directly above the first source/drain; and

B5@r mi Tige metioodf ckém dDgiherdin cell sime ésr 1.60 nduai, ovheaanl is capacitor

second transistor source/drain directly above the

Yfinnel . 53. The method of claim52 wherein form ng

t he channel conprises |eaving an uppernost portion of

5he cOhdmetbdfaf ckim dDadterain theamamory eall comprises distraightaline

?ogﬁug %Ja% b B/ihe fT Felgafcpu%da Qlfa &b?La rﬁlﬁe MEre?(}é?xdlng through

e Sl ze o he CRannel o 1s 1 ess
theatedical sarsistaf the first el ectrode. 55. The met hod of
claim52 further conprising formng a gate conduct or

kayer A%&H&g P?ab? BafAGhetADY C%BMQH he second

capaci t or TS planari zi gat e conduct or
| ayer forming a sgvond ngpa;ﬂge@sctmﬁetlamwncﬁ subistratgat e

condu%@,%[ng: %Ten]mgr ﬁ{ﬁét@lk/rﬂgroﬂ&ﬁ {He ?rgc} &P@ttr ‘F}Ier exposing the

conduct or gate”con
substratendi ng the channel 56. The rret hod of claim 52

the. f oPobied SuBbis e RyrRRPEBAR SRS oRHNRIHAR e
sibstrate ewp@Sed:tb’nmnghsthelglef@tnn lagert he menory cell as part
of ang {e{xﬂaYlygeco nggg %Pﬂ) n'é)ﬁ flPJt cﬁﬁ%ﬁop@l%&/decﬂd fitst transistor -

wher ef R ses a
santwcd:/dmd*efrmtbh&gexmeeqbbubﬂﬂamy 58. The nethod of claim:

52 wh
capacfot or r&SalctgéA&Sg@ZC%?hﬁelJd]rggc})cjab]o]yé??eamgpé@rv%aém "
msrmr formiigl a camiginédsdigit inss inner epndutionand smmdttlramelst@ashurce/drain

f el ectrode and a digit line, the path .
‘%CW%BOHI ragég%elthe first source/drain, channel, and

second source/drain. 60. A method of fabricati ng a
p8.ur allhe metifodmf etaing Seavhesein dermingsihaghanrst cpmprisgstipadng an

9@5&&%&@&9«3% the 8bAbihY il sRURE Y APkt s Rurd¥Mirkin as
sem or

conduc
semiconductive.

54.  The method of claim 52 wherein feature size of the channel is less than or equal

to feature size of the first electrode.

55. The method of claim 52 further comprising forming a gate conductor layer
around the channel and above the second capacitor electrode, planarizing the gate
conductor layer, and removing excess portions of the gate conductor layer, a remaining
portion of the gate conductor layer forming a gate conductor laterally surrounding the

channel.

56. The method of claim 52 wherein the dielectric and second electrode surround

the first electrode at least laterally.
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substrate; formng field isolation in the substrate,
the field isolation surrounding a plurality of

wehewstocscoal |y i sol ated silicon bases over the PeoiUaRI0@N42245
| ayer and within the substrate; formng a pI urality of

Llic col d al.it
§01 1 cShe BERAETST cfath SR ERPrURI G fEOBoR 4 26 oot o aray
crom’pl'urwty dfisust rrmmscc@bm@reiotth@el@:oadélefqtmde comprises a common
stor rain; depositing a second capacitor
ngz(ﬁgrp?"ﬁélﬂﬁow ng excess portions of the ‘
second eI ectrode layer, and formng a second el ectrode
58 coifh®mettiadoftctagm @quraﬂrein)cebfsizmmriﬁ xcleblF, syhefre Fri$ ngpacitor
a_capacitor dielectric between the comopn second
f&ctrode and the plurality of first electrodes; and
form ng individual vertical transistors above and
Bsmcl udhe qethroi aficthira|52fwhesein dnaimeswiyeali spsnises betraight-line
7 : I
n%fug ive %%ﬁ’%eﬁge@&t% @%C%@ctrrc?déeeaanglgF&Hzg,ﬁp(lgéat% e@'t%ﬂdﬁ% through
2. firSirseurcetdnaid, cifanoélaand Sebdndrsphmelmfainpri sing renovi ng
substrate naterial to formclosed | oop trenches
rou : t <ARd
b i G pHEPHERLG aralt o FEREH Bdle R
t r enc tmsmpbmtimg and topingian la@atlcmgw buggd lﬁl'h buliksenigbndfictor
kgast 60 wherein form ng the colums conprises
epi gt al | y growi ng the columms from exposed silicon
bas es fahitngrfieldbisofation intthe Bulkdtrate, e field isolatinn sukewnting a plurality of
?I}ggﬁiEglmgolgtéd sﬂ—i@gn @é&o&epthe%c%ﬁgn%(%%ﬁ%{gim{'rﬁ‘%'E'uBQtrate;
€ col'ums conpri seés renoving a portion o e
subst faning a ueralityrm\smngw peluoming ierignding upivaidcioem ¢he pluradity of
%ﬁ&@%&%&@i@qﬁ%% g t(%er I gi)ﬁpéjcdrﬁt%@ci fn%pcap%%rto J?@ctrode and
fitst rhmsdster spiurdefidramecond el ectrode such that pri rrari 'y

gpe f Sggﬁ&ging e&éc R&i gaééétb%l@c@@c{%ﬂ% V‘P;é " vyﬁerﬁxgéég ﬁérli&ﬁ’s of the
sepandeleatrod® iaysr, ragdd@rmsg a secpralelécirode in coramaenmathitae plurality of
%%ﬁ{%r} s second el ectrode and between the plurality of

Irrst’ ere

ttrodes and sel ecting thickness of the second
el ect faythingeancapacien diglestdc hatween dite earamon isagongrelegirodeyand the
td fills a gap between the
H&?a"a}rgf%ﬁ ec?roH@stt %F]Pect rodes. 67. The nmethod of claim
60 f ufdrineng indivigualsiertigal toansisters abdveyand intlndingvrdiviewal first

%Lﬁggg/ar%mssoq%@g@%w m%ﬂg ality of vertical

ansi stor S |nclud|ng a
straight-1ine conductive path between individual first
6l ect Tbe ewtizntofictadm diOgiheréin tlee sukisérate comprises a bulk silicon wafer,

62. The method of claim 60 further comprising removing substrate material to form
closed loop trenches through the substrate to the isolation layer and forming the field
isolation in the trenches, the trenches defining the silicon bases.

63. The method of claim 60 wherein forming the columns comprises epitaxially
growing the columns from exposed silicon bases after forming the field isolation and
second electrode.
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pat h extendi ng through correspondi ng i ndi vi dual
vertical transistors. 68. The nethod of claim®60

wonaers@icss72 ndi vi dual cell size is 1.5F x 1.5F, waOems2004/042245

is capacitor size. 69. The nethod of claim 60 wherein

rm L ndi vi A (. i, St conprises .
£ m 26 Rl SOl T DAy RO TRAES emoving
partios ef ttie substraterthe ramaevigaprevidingdhe siticoracaunds,tame afterwards
hann ) f ing a second transi stor source/drain
B0 s eaiier

anm 70. The nethod of claim69 wherein
feature size of the channel is less than or equal to
6&at uTke sietrodadf ctaire 60ifukheraonprisiod ecletiing dthéickmeshoftthefsecond

BB A Sy R Bl RSBy RRTE vy of e
slettredes. col ums. 72. The nethod of claim69 wherein

form ng the second source/drain conprises formng a

hOit ] ' (e Cf i .dj ai e ,
Fhe i BB GAE AUNEPY HBe L 8 el over
the selcend elretrodecardissttween the plurality of first electrodes and selecting
thickness of the second electrode and insulative material such that primarily the

insulative material fills a gap between the plurality of first electrodes.

67. The method of claim 60 further comprising forming a digit line over and in
electrical contact with the plurality of vertical transistors, the memory cells including a
straight-line conductive path between individual first electrodes and the digit line, the
path extending through corresponding individual vertical transistors.

68. The method of claim 60 wherein individual cell size is 1.5F x 1.5F, where F is

capacitor size.

69. The method of claim 60 wherein forming individual vertical transistors comprises
forming a transistor channel above the first source/drain, forming a gate conductor
around the channel, and forming a second transistor source/drain above the channel.

70. The method of claim 69 wherein feature size of the channel is less than or equal

to feature size of the first electrode.

71.  The method of claim 69 wherein forming individual channels comprises

conductively doping an uppermost portion of individual silicon columns.

72. The method of claim 69 wherein forming the second source/drain comprises
forming a digit line inner conductor connecting a digit line to the channel, the second

source/drain being comprised by the inner conductor.
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